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INTRODUCTION 


The Exobiology program, within the Office of Space Science 
and Applications of the National Aeronautics and Space 
Administration, is an integrated program to methodically 
investigate those processes which may have been responsible for, 
or related to, the origin, evolution, and distribution of life in 
the universe. 

This report contains a listing of 1982 publications 
supported by the Exobiology Program. Our intent in compiling 
this report is twofold: we want to provide the scientific 

community with an annual publication listing (as we have done 
since 1975), of current NASA-supported research in this field; 
and, we hope to stimulate the exchange of information and ideas 
among scientists working in the different areas of the program. 

Researchers in the field might also be interested in NASA 
Conference Publication No. 2276, which contains session summaries 
and abstracts of the "First Symposium on Chemical Evolution and 
the Origin and Evolution of Life," organized by Donald L. 
DeVincenzi, held August 2-4, 1982 at NASA's Ames Research Center, 
Moffett Field, CA. The symposium provided an opportunity for all 
NASA Exobiology principal investigators to present their most 
recent research in a scientific meeting forum. in addition, the 
symposium served to foster increased communication across 
disciplinary lines, formulate a more integrated program approach, 
review progress in all tasks, and increase visibility of the 
Exobiology Program. 

Research supported by the Exobiology Program is carried out 
in the areas of Chemical Evolution, Organic Geochemistry, Origin 
and Evolution of Life, Planetary Environments, Life in the 
Universe, Search for Extraterrestrial Intelligence (SETI) , and 
planetary Protection. Each area is defined as follows: 

Chemical Evolution focuses on the nonbiological synthesis of 
biologically significant organic molecules under conditions 
presumed to have existed on the primitive earth or on any 
primitive planet before the advent of life. 

Organic Geochemistry involves 1) analyzing ancient terrestrial 
rocks for organic molecules and inclusions of biological origin, 
and 2) developing techniques to isolate organic matter and to 
distinguish organic matter of biological origin from that of 
nonbiological origin. 

Origin and Evolution of Life studies 1) the origin of essential 
life processes and systems including the nucleic acid and protein 
biopolymers, genetic information transfer, energy collection 
mechanisms, and cellular and subcellular structures, and 2) the 
evolution of primitive microbial ecologies. 
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Planetary Environments includes 1) characterizing microorganisms 
capable of surviving and/or growing in extreme conditions 
approaching those of planetary environments, 2) developing 
methodologies and techniques to detect and characterize 
life-related molecules in extraterrestrial environments, and 3) 
developing methods to determine planetary environmental 
characteristics important for chemical evolution processes. 

Life in the Universe involves research and analysis in two 
distinct but related areas: 1) forms, abundances, and reactivity 

of the biogenic elements; and 2) effect of planetary, solar, and 
astrophysical phenomena on evolution of complex life. 

Search for Extraterrestrial Intelligence (SETI) involves the 
search for extraterrestrial intelligent life by detecting signals 
in the microwave region of the spectrum. 

Planetary Protection focuses on 1) environmental protection of 
planets of biological interest from potential harmful 
contamination from terrestrial sources during future exploration, 
based on explicit guidelines established for each planet and for 
each type of mission, and 2) protection of the Earth from 
potential hazards posed by returned sample missions. 

The bibliography is divided into the seven research areas 
noted above and a miscellaneous section. Within each research 
area, references are listed alphabetically by author. Authors 
who are principal investigators are identified by an asterisk. 
Abstracts are listed separately starting on page 21. In 
addition, current addresses for all principal investigators are 
given in the Appendix. 

We wish to thank all the participants in the Exobiology 
Program for their cooperation in responding to our request for a 
listing of their 1982 publications. 
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Chemical Evolution 


Awramik, S.M., Cloud, P., Curtis, C.D., Folinsbee, R.E., Holland, 
H.D., Jenkyns, H.C., Langridge, J., Lerman, A., Miller*, 
S.L., Nissenbaum, A., and Veizer, J.: 1982, Biogeochemical 
Evolution of the Ocean-Atmosphere System: State of the Art 
Report. In; Mineral Deposits and the Evolution of the 
Biosphere (ed. by H.D. Holland and M. Schidlowsk i) . New 
York: Springer-Verlag, p. 309-320. 

Bonner*, W.A., Lemmon, R.M., and Conzett, H.E.: 1982, The 
Radiolysis and Racemization of Leucine on Proton 
Irradiation. Origins of Life 12; 51-54. 

Chang*, S.: 1982, Prebiotic Organic Matter: Possible Pathways for 
Synthesis in a Geological Context. In; Early Evolution of 
the Planets and Their Atmospheres (ed. by J.H. Parry and 
S.K. Runcorn). New York: Elsevier Scientific, p. 261-280. 

Chang*, S.: 1982, Prebiotic Organic Matter; Possible Pathways for 
Synthesis in a Geological Context. Physics of the Earth and 
Planetary interiors 29: 261-280. (same as previous paper) 

Ferris*, J.P., Hagan, W.J., Jr., Alwis, K.W., and McCrea, J.; 
1982, Chemical Evolution 40. Clay-Mediated Oxidation of 
Diaminomaleonitrile. Journal of Molecular Evolution 18: 
304-309. 

Ferris*, J.P., Morimoto, J.Y., Benson, R., and Bossard, A.; 1982, 
Photochemistry of NH 3 , CH^ and PH 3 . Possible Applications to 
the Jovian Planets. Origins of Life 12: 261-265. 

Gidley, D.W., Rich*, A., Van House, J., and Zitzewitz, P.W.; 

1982, An Experiment to Detect Electron Helicity in Chiral 
Molecules. Paper presented at the 8 th International 
Conference on Atomic Physics, Goteborg, Sweden, August 1982, 
2 p. 

Gidley, D.W., Rich*, A., Van House, J., and Zitzewitz, P.W.: 

1982, Beta Decay and the Origins of Biological Chirality: 
Experimental Results. Nature 297: 639-643. 

Gidley, D., Rich*, A., and Zitzewitz, P.W.; 1982, Current Status 
of Fundamental Research Using Positrons and Positronium. 

In; Positron Annihilation, Proceedings of the 6 th 
international Conference, University of Texas, Arlington, 
April 3-7, 1982 (ed. by P.G. Coleman, S.C. Sharma, and L.M. 
Diana). New York: North-Holland , p. 11-20. 

Hartman*, H.; 1982, Morphe. In: Physics as Natural philosophy 
(ed. by A. Shimony and H. Feshbach) . Cambridge, MA: MIT 
Press, p. 294-303. 
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Inoue, T. and Orgel*, L.E.; 1982, Oligomerization of (Guanosine 
5' -phosphor ) -2-methylimidazolide on Poly(C): An RNA 
Polymerase Model. Journal of Molecular Biology 162: 

201-217. 

Lahav, N. and Chang*, S.: 1982, The Possible Role of Soluble 

Salts in Chemical Evolution. Journal of Molecular Evolution 
19: 36-46. 

Lohrmann, R.l; 1982, Oligonucleotide Formation Catalyzed by 

Mononucleotide Matrices. Journal of Molecular Evolution 18: 
185-195. 

Mendoza, A.N. and Ponnamperuma* , C.: 1982, Prebiotic Formation of 
Higher Molecular Weight Compounds from the Photolysis of 
Aqueous Acetic Acid. Photochemistry and Photobiology 36: 
595-597 . 

Miller*, S.L.: 1982, Prebiotic Synthesis of Organic Compounds. 

In: Mineral Deposits and the Evolution of the Biosphere (ed. 
by H.D. Holland and M. Schidlowski) . New York: 
Springer-Verlag, p. 155-176. 

Okihana, H. and Ponnamperuma*, C.: 1982, A Protective Function of 
the Coacervates Against UV Light on the Primitive Earth. 
Nature 299: 347-349. 

Orenberg*, J.B., Kjos, K.M., Winkler, R., Lin, J., and Lawless*, 
J.G.: 1982, Binding of Nickel (II) to 5 ' -Nucleoside 
Monophosphates and Related Compounds. Journal of Molecular 
Evolution 18: 137-143. 

Oro*, j., Rewers, K., and Odom, D.: 1982, Criteria for the 
Emergence and Evolution of Life in the Solar System. 

Origins of Life 12: 285-305. 

Ponnamperuma*, C.: 1982, Cosmochemi stry and the Origin of Life. 
Journal of Chemical Education 59(2): 89-90. 

Ponnamperuma*, C. and Friebele, E.: 1982, The Antiquity of 

Carbon. In: Nuclear and Chemical Dating Techniques (ed. by 
L.A. Currie). Washington, D.C.: American Chemical Society, 
p. 391-400. (ACS Symposium Series 176). 

Ponnamperuma*, C. and Ochiai, E.: 1982, Comets and Origin of 
Life. In: Comets (ed. by L.L. Wilkening) . Tucson, AZ: 
University of Arizona Press, p. 696-703. 


1. L. Orgel, Principal Investigator 
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Ponnamperuma* , C., Shimoyama, A., and Friebele, E.: 1982, Clay 
and the Origin of Life. Origins of Life 12: 9-40. 

Rao, M., Eichberg, J., and Oro*, J.: 1982, Synthesis of 
Phosphatidylcholine Under Possible Primitive Earth 
Conditions. Journal of Molecular Evolution 18: 196-202. 

Rich*, A., Van House, J., and Hegstrom, R.A. : 1982, Calculation 
of a Mirror Asymmetric Effect in Electron Scattering from 
Chiral Targets. Physical Review Letters 48: 1341-1344. 

Sagan*, C. and Khare, B.N.: 1982, The Organic Clouds of Titan. 
Origins of Life 12: 280. 

Walker*, J.C.G.: 1982, Climatic Factors on the Archean Earth. 

Palaeogeography , palaeoclimatology , Palaeoecology 40: 1-11. 

Walker*, J.C.G.: 1982, Evolution of the Atmosphere's Chemical 
Composition. Impact of Science on Society 32: 261-269. 

Walker*, J.C.G.: 1982, The Earliest Atmosphere of the Earth. 
Precambrian Research 17: 147-171. 

Webb, T.R. and Orgel*, L.E.: 1982, Template Directed Reactions of 
'2-Aminoadenylic Acid Derivatives. Nucleic Acids Research 
10: 4413-4422. 

Weber*, A.L.: 1982, Formation of Pyrophosphate on Hydroxyapatite 
with Thioesters as Condensing Agents. Biosystems 15: 

183-189 . 

Weber*, A.L.: 1982, Formation of the Thioester, N-Acetyl, 

S-lactoylcysteine , by Reaction of N-Acety Icysteine with 
Pyruvaldehyde in Aqueous Solution. Journal of Molecular 
Evolution 18: 354-359. 

White*, D.H. and Raab, M.S.: 1982, A Theory for the Origin of a 

Self-replicating Chemical System. II: Computer Simulation of 
the Autogen. Journal of Molecular Evolution 18: 207-216. 

Zahnle, K.J. and Walker*, J.C.G.: 1982, The Evolution of Solar 
Ultraviolet Luminosity. Reviews of Geophysics and Space 
Physics 20: 280-292. 
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Organic Geochemistry 


Abell*, P,I.; 1982, Palaeocl imates at Lake Turkana, Kenya, from 
Oxygen Isotope Ratios of Gastropod Shells. Nature 297’ 
321-323. 

Burlingame*, A.L., Dell, A., and Russell, D.H.; 1982, Mass 
Spectrometry. Analytical Chemistry 54: 363R-409R. 

Campbell*, S.E.; 1982, Precambrian Endoliths Discovered. Nature 
299: 429-431. 

Cronin*, J.R., Yuen*, G.U., and Pizzarello, S.: 1982, Gas 

Chromatographic-Mass Spectral Analysis of the Five-Carbon 
Beta-, Gamma-, Delta-Amino Alkanoic Acids. Analytical 
Biochemistry 124: 139-149. 

Edmunds, K.L.H., Brassell, S.C., and Eglinton, G.l: 1982, The 

Organic Geochemistry of Benthic Microbial Ecosystems. in: 
Mineral Deposits and the Evolution of the Biosphere (ed. by 
H .D . Holland and M. Schidlowski) . New York: 

Springer-verlag, p. 31-50. 

Engel, M.H. and Nagy*, B.: 1982, Distribution and Enantiomeric 
Composition of Amino Acids in the Murchison Meteorite. 

Nature 296: 837-840. 

Jenden, P.D., Simoneit, B.R.T., and Philp, R.P.2; 1982, 

Hydrothermal Effects on Protokerogen of Unconsolidated 
Sediments from Guaymas Basin, Gulf of California: Elemental 
Compositions, Stable Carbon Isotope Ratios, and Electron 
Spin Resonance Spectra. Initial Reports of the Deep Sea 
Drilling Project 64 (Pt. 2) : 905-912 . ^ 

Lenk, C., Strother, P.K., Kaye, C.A., and Barghoorn*, E.S.: 1982, 
Precambrian Age of the Boston Basin: New Evidence from 
Microfossils. Science 216: 619-620. 

Mackenzie, A.S., Brassell, S.C., Eglinton, G., and Maxwell, 

J.R.l: 1982, Chemical Fossils: The Geological Fate of 
Steroids. Science 217: 491-504. 

Marriott, P.J., Gill, J.P., and Eglinton, G.l: 1982, Capillary 

Gas Chromatography and Gas Chromatography-Mass Spectrometry 
of Metal (III) and Metal (IV) Porphyrin Complexes. Journal of 
Chromatography 249: 291-310. 


1. M. Calvin and A.L. Burlingame, Co-Principal Investigators 

2. I.R. Kaplan, Principal Investigator 
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Marriott, P.J., Gill, J.P., Evershed, R.P., Eglinton, G., and 

Maxwell, J.R.l; 1982, Capillary GC and GC-MS of Porphyrins 
and Metalloporphyr ins . Chromatographia 16: 304-308. 

Mendelson, C.V. and Schopf*, J.W.: 1982, Proterozoic Microfossils 
from the Sukhaya Tunguska, Shorikha, and Yudoma Formations 
of the Siberian Platform, USSR. Journal of Paleontology 
56 (1) : 42-83. 

Monson, K.D. and Hayes*, J.M.; 1982, Biosynthetic Control of the 
Natural Abundance of Carbon 13 at Specific Positions within 
Fatty Acids in Saccharomyces cerevis iae . Journal of 
Biological Chemistry 257: 5568-5575. 

Monson, K.D. and Hayes*, J.M.: 1982, Carbon Isotopic 

Fractionation in the Biosynthesis of Bacterial Fatty Acids. 
Ozonolysis of Unsaturated Fatty Acids as a Means of 
Determining the Intramolecular Distribution of Carbon 
Isotopes. Geochimica et Cosmochimica Acta 46: 139-149. 

Nagy*, B. : 1982, Pyrolysis of Precambrian Kerogens: Constraints 
and Capabilities. Journal of Molecular Evolution 18: 
217-220. 

Nagy*, B.: 1982, Search for Biochemical Fossils on Earth and 
Non-Biological Organic Molecules on Jupiter, Saturn and 
Titan. Naturwissenschaf ten 69: 301-310. 

Oehler, J.H., Arneth, J.-D., Eglinton, G., Golubic*, S., Hahn, 
J.H., Hayes*, J.M., Hoefs, J.W., Hollerbach, A., Junge, 

C.E., Krumbein, W.E., McKirdy, D.M., Schidlowski, M., and 
Schopf*, J.W.: 1982, Reduced Carbon Compounds in Sediments: 
State of the Art Report. In: Mineral Deposits and the 
Evolution of the Biosphere (ed. by H.D. Holland and M. 
Schidlowski). New York: Spr inger-Verlag , p. 289-306. 

Oremland, R.S., Marsh, L., and DesMarais*, D.J.: 1982, 

Methanogenesis in Big Soda Lake, Nevada: An Alkaline, 
Moderately Hypersaline Desert Lake. Applied and 
Environmental Microbiology 43: 462-468. 

Quirke, J.M.E., Eglinton, G., Palmer, S.E. and Baker, E.W.l: 

1982, High-Performance Liquid Chromatographic and Mass 
Spectrometr ic Analysis of Porphyrins from Deep-Sea 
Sediments. Chemical Geology 35: 69-85. 


1. M. Calvin and A.L. Burlingame, Co-Principal Investigators 
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Simoneit, B.R.T., Halpern, H.I., and Didyk, B.M.l: 1982, Lipid 

Productivity of a High Andean Lake. In: Biogeochemistry of 
Ancient and Modern Environments (ed. by P.A. Trudinger, M.R. 
Walter, and B.J. Ralph). New York: Spr inger-Verlag , p. 
201-209. 

Venkatesan, M.I., Linick, T.W., Suess, H.E., and Buccellati, G.l: 
1982, Asphalt in Carbon— 14— dated Archaeological Samples from 
Terqa, Syria. Nature 295: 517-519. 


1. I.R. Kaplan, Principal Investigator 
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Origin and Evolution of Life 


Aronowitz, S., Coyne*, L., Lawless*, J., and Rishpon, J.; 1982, 
Quantum-Chemical Modeling of Smectite Clays. Inorganic 
Chemistry 21: 3589-3593. 

Auron, P.E., Weber, L.D., and Rich*, A.: 1982, Comparison of 

Transfer Ribonucleic Acid Structures Using Cobra venom and 
S]_ Endonucleases. Biochemistry 21: 4700-4706. 

Barnabas, J., Schwartz, R.M., and Dayhoff*, M.O.: 1982, Evolution 
of Major Metabolic Innovations in the Precambrian. Origins 
of Life 12: 81-91. 

Bogomolni, R.A. and Spudich, J.L.l: 1982, Identification of a 
Third Rhodopsin-1 ike Pigment in Phototactic Halobacterium 
halobium. Proceedings o f the National Academy of Sciences 
USA 79: 6250-6254. 


Bogomolni, R.A. and Weber, H.J.l: 1982, Assay of pigment P588 and 
Its Discrimination from Bacter iorhodops in by Flash 
Spectroscopy Techniques. Methods in Enzymology 88: 434-439. 

Chen, H.R., Dayhoff*, M.O., Barker, W.C., Hunt, L.T., Yeh, L.-S., 
George, D.G., and Orcutt, B.C.: 1982, Nucleic Acid Sequence 
Database III. DNA 1(3): 273-307. 


Chen, H.R., Dayhoff*, M.O., Barker, W.C., Hunt, L.T., Yeh, L.-S., 
George, D.G., and Orcutt, B.C.: 1982, Nucleic Acid Sequence 
Database IV. DNA 1(4): 365-374. 


Chen, H.R., Dayhoff*, M.O., Barker, W.C., Hunt, L.T., Yeh, L.-S., 
George, D.G., and Orcutt, B.C.: 1982, Sequence Bank Update. 
Nucleic Acid Sequence Database II. DNA 1(2): 103-108. 

Egan, J.T., Hart, J., Burt, S.K., and MacElroy*, R.D.: 1982, The 
Display of Molecular Models with the Ames Interactive 
Modeling System ( AIMS ) . Computers and Graphics 6: 177-199. 

Eirich*, F.R.: 1982, The Role of Clays in the Spontaneous 

Polymerization of Activated Amino Acids and Nucleotides. 

In : Proceedings of the lUPAC Sumposium, Amherst, 
Massachusetts, 1982. Amherst: University of Massachusetts , 
p. 379. 


1. W. Stoeckenius, Principal Investigator 
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Fox*, G.E., Luehrsen, K.R., and Woese* , C.R.: 1982, 

Archaebacter ial 5S Ribosomal RNA. Zentralblatt fuer 
Bakter iologie Mikrobiologie und Hygiene I Abteilung 
Originale C 3: 330-345. 

Fox*, S.W., Nakashima, T., Przybylski, A., and Syren, R.M. : 1982, 
The Updated Experimental Proteinoid Model. International 
Journal of Quantum Chemistry; Quantum Biology Symposium 9 : 
195-204 . 

Fujii, S., Wang, A.H.-J., van der Marel, G., van Boom, J.H., and 
Rich*, A.: 1982, Molecular Structure of (m5dC-dG)3; The Role 
of the Methyl Group on 5-Methyl Cytosine in Stabilizing 
Z-DNA. Nucleic Acids Research 10: 7879-7892. 

Fujii, S., Wang, A.H.-J., van Boom, J.H., and Rich*, A.: 1982, 

Structural and Dynamic Aspects of a Modified A-DNA Octamer, 
a Methylated Z-DNA and a DNA-RNA Hybrid. Nucleic Acids 
Research, Symposium Series 11: 109-112. 

George, D.G. and Dayhoff*, M.O.: 1982, The Chemical Structure of 
DNA Sequence Signals for RNA Transcription. Origins of Life 
12: 311-319. 

Grosovsky, B.D.-D.l: 1982, What Are the Selective Advantages of 

Metal Deposition and Solubilization by Microbes? Journal of 
Theoretical Biology 97: 83-86. 

Grosovsky, B.D.-D. and Margulis*, L.: 1982, Termite Microbial 
Communities. In: Experimental Microbial Ecology (ed. by 
R.G. Burns and J.H. Slater). Boston: Blackwell Scientific 
Publications, p. 519-532. 

Holmquist, R., Pearl, D., and Jukes*, T.H.: 1982, Nonuniform 

Molecular Divergence: The Quantitative Evolutionary Analysis 
of Genes and Messenger RNAs Under Selective Structural 
Constraints. In: Macromolecular Sequences in Systematic and 
Evolutionary Biology (ed. by M. Goodman). New York: Plenum, 
p. 281-315. 

Javor, B. , Requadt, C., and Stoeckenius* , W. : 1982, Box-Shaped 
Halophilic Bacteria. Journal of Bacteriology 151: 

1532-1542 . 

Jewett, D.M. and Lawless*, J.G.: 1982, Spouts in a Bed of Silica 
powder Associated with Fluidization by Outgassing of 
Adsorbed Water. International Journal of Multiphase Flow 8: 
439-442. 


1. L. Margulis, Principal Investigator 
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Johnson, T.C., Cornwell, K.L., Buchanan*, B.B., Mathews, W.R., 
Hartman*, H., Biemann*, K., and Holmgren, A.: 1982, 
Thioredoxins from photosynthetic Bacteria. Paper presented 
at the 4th international Symposium on photosynthetic 
prokaryotes, Bombannes, France, 1982, 2 p. 

Jukes*, T.H.; 1982, Mitochondrial Codes and Evolution. Nature 
301: 19. 

Jukes*, T.H.: 1982, Possible Evolutionary Steps in the Genetic 
Code. Biochemical and Biophysical Research Communications 
107: 225-228. 

Jukes*, T.H.: 1982, Recent Progress in Exobiology and planetary 
Biology. In: Space: Mankind's Fourth Environment, 32nd 
International Astronautical Congress, Rome, Italy, September 
6-12, 1981 (ed. by L.G. Napolitano). New York: Pergamon, p. 
405-417. 

Khaled, M.A., Watkins, C.L., and Lacey*, J.C., Jr.: 1982, 2 h NMR 
Demonstration of Amino Acid - Nucleotide Interactions. 
Biochemical and Biophysical Research Communications 106 : 
1426-1434 . 

Lahav*, N., Coyne*, L.M., and Lawless*, J.G.: 1982, Prolonged 
Tr iboluminescence in Clays and Other Minerals. Clays and 
Clay Mineral 30: 73-75. 

Lahav*, N. and Horowitz, P.: 1982, Luminescence Imaging: A Novel 
Approach to Surface Studies. Journal of Applied physics 
53 (3) : 1830-1831. 

Lanyi*, J.K.: 1982, Spectrophotometr ic Determination of 

Halorhodopsin in Halobacter ium halob ium Membranes. Methods 
in Enzymology 88: 439-443. 

Liebmann, P., Loew* , G., Burt, S., Lawless*, J., and MacElroy*, 
R.D.: 1982, Interaction of Metal Ions and Nucleotides: 
possible Mechanisms for the Adsorption of Nucleotides on 
Homoionic Bentonite Clays. Inorganic Chemistry 21: 
1586-1594. 

MacElroy*, R.D. and Middaugh, C.R.: 1982, Bacterial 

Ribosephosphate Isomerase. Methods in Enzymology 89: 
571-579. 

MacKay, R.M., Salgado, D., Bonen, L., Stackebrandt , E., and 

Doolittle, W.F.l :1982, The 5S Ribosomal RNAs of Paracoccus 
denitrif icans and Prochloron. Nucleic Acids Research 10: 
2963-2970. 


1. R.A. Lewin, Principal Investigator 
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Margulis*, L.; 1982, The Biological Point of View: The Effect of 
Life on the Planet. in: Formation of planetary Systems (ed. 
by A. Brahic) . Toulouse: Centres National d' Etudes 
Spatiales, Cepaudes-Edi tions , p. 889-893. 

Margulis*, L.: 1982, Chemistry and Evolution: Kingdoms and Phyla. 
In: Biochemical Aspects of Evolutionary Biology (ed. by M.H. 
Nitecki) . Chicago: University of Chicago Press, p. 9-28. 

Margulis*, L.: 1982, Early Life . Boston: Science Books Inter- 
national, 160 p. (Biology Series) 

Margulis*, L.: 1982, Microtubules in Microorganisms and the 

Origins of Sex. In: Microtubules in Microorganisms (ed. by 
P. Cappuccinelli and N.R. Morris) . New York: Marcel Dekker, 
p. 341-350. 

Margulis*, L. and Schwartz, K.V.: 1982, Five Kingdoms: An 
Illustrated Guide to the Phyla of Life on Ear th. San 
Francisco: w.H. Freeman, 338 p. 

Nagle, J.F., Parodi, L.A., and Lozier, R.H.l: 1982, Procedure for 
Testing Kinetic Models of the Photocycle of 
Bacteriorhodopsin. Biophysical Journal 38: 161-174. 

Nordheim, A., Lafer, E.M., Peck, L.J., Wang, J.C., Stollar, B.D., 
and Rich*, A.: 1982, Negatively Supercoiled Plasmids Contain 
Left-Handed Z-DNA Segments as Detected by Specific Antibody 
Binding. Cell 31: 309-318. 

Oie, T., Loew*, G.H., Burt, S.K., Binkley, J.S., and MacElroy*, 
R.D.: 1982, Initio Study of Catalyzed and Uncatalyzed 
Amide Bond Formation as a Model for Peptide Bond Formation: 
Ammonia-Formic Acid and Ammonia-Glycine Reactions. 
International Journal of Quantum Che mistry: Quantum Biology 
Symposium 9: 223-245. 

Oie, T., Loew*, G.H., Burt, S.K., Binkley, J.S., and MacElroy*, 
R.D.: 1982, Quantum Chemical Studies of a Model for Peptide 
Bond Formation: Formation of Formamide and Water from 
Ammonia and Formic Acid. Journal of the American Chemical 
Society 104 : 6169-6174. 

Orcutt, B.C., George, D.G., Fredrickson, J.A., and Dayhoff*, 

M.O.: 1982, Nucleic Acid Sequence Database Computer System. 
Nucleic Acids Research 10: 157-174. 


1. W. Stoeckenius, Principal Investigator 
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Pang, H., Ihara, M. , Kuchino, Y., Nishimura, S., Gupta, R., 
Woese*, C.R., and McCloskey, J.A.: 1982, Structure of a 
Modified Nucleoside in Archaebacter ial tRNA Which Replaces 
Ribosylthymine . Journal of Biological Chemistry 257: 
3589-3592. 

Peck, L.J., Nordheim, A., Rich*, A., and Wang, J.C.: 1982, 

Flipping of Cloned d (pCpG) n *d (pCpG) n DNA Sequences from 
Right- to Left-handed Helical Structure by Salt, Co(lll), or 
Negative Supercoil ing . Proceedings of the National Academy 
of Sciences USA 79: 4560-4564. 

Przybylski, A.T. and Fox*, S.W.: 1982, Organic Photovoltaic 

Vesicles. In: Alternative Energy Sources IV, Vol. 3: Solar 
power. Applications, Alcohols (ed. by T.N. Veziroglu) . Ann 
Arbor, MI: Ann Arbor Science Publishers, p. 95-102. 

Przybylski, A.T., Stratten, W.P., Syren, R.M., and Fox*, S.W.: 
1982, Membrane, Action, and Oscillatory Potentials in 
Simulated Protocells. Naturwissenschaf ten 69: 561-563. 

Rein*, R. and Kieber-Emmons , T.: 1982, Evolution and Amino Acid 
Composition Requirements of Catalytic Mechanisms. In: 
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